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This  annual  report  was  prepared  at  Midwest  Research  Institute 
under  Contract  No.  DAMD-17-76-C-6015  with  the  U.S.  Army  Medical  Research 
and  Development  Conmand. 

The  period  of  research  covered  in  this  report  is  from  1 August 
1975  to  31  July  1976.  The  work  was  carried  out  under  the  direction  of 
Dr.  C.  C.  Cheng,  Principal  Investigator.  The  synthetic  work  was  per- 
formed by  Dr.  Ping-Lu  Chien,  Mr.  William  H.  Burton  (part-time)  and 
Dr.  Shou-Jen  Tan  (part-time). 
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I . INTRODUCTION 


PRSCSDIIC  Pjo£cp4^1OT  FILKffD 


This  is  the  Eleventh  Annual  Progress  Report  from  Midwest  Research 
Institute  under  Contract  No.  DAMD-17-76-C-6015  with  the  U.S.  Army  Medical 
Research  and  Development  Command  on  preparation  of  organic  compounds  as 
potential  antimalarial  drugs. 

During  the  present  report  period,  we  have  studied  the  synthesis 
and  characterization  of  compounds  of  the  following  categories:  (a)  com- 

pounds having  a triangular  structural  feature  common  to  many  causal  pro- 
phylactic antimalarial  agents,  and  (b)  deazafebrifugine  and  related 
compounds.  A total  of  20  compounds  have  been  synthesized,  characterized, 
and  submitted  for  antimalarial  evaluation. 


t>  CN  + CH3-(CH2)2-M8Br 


. U 

r^-li-(CH2)2-ca- 


ai3-(CH2)2'CH'(CH2>3'Br 


BH3-THF 


48%  HBr 


CH3-(CH2)2-t:-(CH2)3-Br 


DMF  03P 


CH3'(CH2)2"CH'(CH2)3'Br 


ch3-(ch2)3-ch-(ch2)3-n 


Me2CO 


H3PO4 


CHO  X 


CH3-(CH2)2-CH-(CH2)3-NH2 


H N-NH 
- 2 2 


ch3-(ch2)2-ch-(ch2)3- 


r.  imzz*.  ' .-it  b:c ; :■* xu**. 


Compound  B-3  was  prepared  by  the  following  procedure. 


Lithiation  of  3-methoxy-2-methylpyridine  (B-5)  with  lithium 
diisopropylamide  followed  by  treatment  of  the  resulting  compound  B-6  with 
CC>2  gave  after  esterification,  ethyl  3-methoxy-2-pyridylacetate  (B-7) . 

The  latter  was  hydrogenated  in  the  presence  of  5%  rhodium-on-charcoal  and 
the  resulting  piperidine  B-8  acetylated  to  give  one  of  the  desired  reactants 
B-3. 


Since  the  successful  metalation  of  3-picoline  and  its  subsequent 
reaction  with  esters  to  produce  3-picolyl  ketones  was  reported  in  the  litera- 
ture,—^ the  quinoline  analog,  4-methoxy-3-methylquinoline  (B-10) , was  pre- 
pared and  an  attempt  on  the  metalation  reaction  (to  form  B-2)  was  made. 
However,  it  was  found  that,  under  similar  conditions,  this  quinoline  B-10 
was  not  metalated  by  sodium  diisopropylamide.  We  have  also  tried  to  pre- 
pare B-2  from  B-10  with  a different  metalating  agent,  that  is,  the  chelate 
of  butyllithium  with  tetramethylethylenediamine  (TMEDA) , which  was  shown 
to  metalate  toluene  readily. %!  However,  that  experiment  was  also  un- 
successful . 

4-Methoxy-3-methylquinoline  (B-10)  was  prepared  by  chlorination  of 
4-hydroxy-3-methylquinoline  (B-9)  followed  by  treatment  with  sodium  methoxide. 
The  quinolinol  B-9  used  in  this  experiment  was  obtained  in  low  overall  yield 
from  aniline  and  ethyl  formylpropionate.  This  compound  could  be  made  in 
better  yield  by  Steck’s  method!.?/  from  the  corresponding  diester  followed 
by  decarboxylation.  Initial  lithiation  attempts  of  B-10,  however,  were  not 
successful . 


As  an  alternative,  4-methoxy-3-methoxymethylquinoline  (B-15)  is 
being  prepared  from  4-chloro-3-quinolinemethanol  (B-13) . It  is  anticipated 
that  the  ether  B-15  should  react  with  lithium  metal  to  form  the  desired 
lithio  compound  B-2  by  analogy  with  benzyl  methyl  ether.  The  latter  was 
shown  to  react  readily  with  lithium  to  produce  benzyllithium  in  good  yield .ii/ 
4-Chloro-3-quinolinemethanol  (B-13)  has  been  prepared  by  lithium  aluminum 
hydride  reduction  of  4-chloro-3-carbethoxyquinolinei/  (B-12)  at  low  tempera- 
ture (For  comparison,  previous  attempts  on  reduction  of  4-methoxy-3- 

carbethoxyquinoline  with  lithium  aluminum  hydride  were  unsuccessful,  while 
Red-Al  apparently  over-reduced  this  compound  to  a quite  complex  mixture  of 
products,  even  at  a reaction  temperature  of  -70°. ) However,  under  comparable 


reaction  conditions,  compound  B-15  did  not  appear  to  react  with  lithium  to 
any  extent.  The  chloromethyl  derivative  B-14  also  failed  to  give  the  de- 
sired lithio  compound  when  treated  with  butyllithium  at  low  temperature. 


In  a modified  approach,  it  was  planned  to  condense  4-methoxy-3- 
quinolinecarboxaldehyde  (B-21)  with  the  piperidylacetaldehyde  B-24.  Compound 
B-21  was  prepared  from  the  readily  available  4-hydroxy-3-quinolinecarboxylic 
acid  B-16  through  a multi-step  reaction  sequence,  as  shown  in  the  following 
scheme.  Earlier,  we  tried  to  prepare  this  aldehyde  from  the  corresponding 
ester,  i.e.,  ethyl  4-methoxy-3-quinolinecarboxylate  (B-ll) , by  partial  re- 
duction with  Red-Al  or  diisobutylaluminum  hydride,  or  by  the  McFadyen-Stevens 
method ,1^./  but  were  unsuccessful. 


According  to  the  original  plan,  the  aldehyde  B-21,  which  may  be 
obtained  by  reduction  from  the  corresponding  ester  B-3,  is  to  be  converted 
into  a dithiolane  derivative  B-22a,  from  which  the  anion  B-22b  may  be  readily 
generated  by  the  action  of  butyllithium.  This  anion  should  react  with  the 
piper idylacetaldehyde  B-23  to  give  the  adduct  B-24,  which,  upon  desulfuriza- 
tion, oxidation  and  hydrolysis,  could  lead  to  the  target  compound  B-l.  How- 
ever, although  a small  quantity  of  the  aldehyde  B-21  could  be  obtained  by 
treatment  of  3-bromo-4-methoxyquinoline  (B-20)  with  butyllithium  followed 
by  dimethylf ormamide,  attempted  preparation  of  larger  quantity  of  B-21 
yielded  a different  product.  It  was  identified  by  NMR  and  elemental  analy- 
sis to  be  4-dimethylamino-3-quinolinecarboxaldehyde  (B-25) . 


Another  synthetic  method  involving  the  reaction  of  the  Grignard 
compound  B-27  with  triethyl  orthoformateM/  was  explored,  but  the  desired 
intermediate  B-28  was  not  obtained.  Because  of  the  failure  to  prepare 
the  required  aldehyde  B-21,  this  approach  is  not  being  pursued. 


B-26 


OCH3 

CH2MgBr 


B-27 


HC(OEt), 
J-3 


CH, 


B-28 


CH2-CH(OEt)2 


The  failure  of  aldehyde  condensation  approach  prompted  a re- 
investigation of  lithiation  of  3-chloromethyl-4-methoxyquinoline  C(B-30) 
prepared  from  4-chloro-3-hydroxymethylquinoline  (B-13)  via  the  4-methoxyl 
intermediate  B-2^] , and  of  4-methoxy-3-methylquinoline  (B-10) . 


1 C 

t 


i. 


I: 


L. 


Lithiation  attempts  of  B-30  were  still  unsuccessful.  Lithiation 
of  4-methoxy-3-methylquinoline  (B-10)  was  reinvestigated  by  employing 
deuterium  oxide  quenching  technique.  The  BuLi-TMEDA  chelate  was  again 
proved  to  be  too  reactive  for  this  purpose.  Even  at  -70°,  a complex 
mixture  of  the  reaction  products  was  formed.  Nevertheless,  lithium  diiso- 
propylamide  was  found  to  be  quite  suitable  for  this  reaction.  By  lowering 
the  reaction  temperature  to  -70°,  clean  lithiation  of  the  3-methyl  group 
could  be  achieved  without  appreciable  side  reactions,  as  indicated  by  NMR. 
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The  lithio  derivative  B-2  (M=Li)  thus  obtained  reacted  smoothly 
with  the  2-piperidylacetate  B-3  as  anticipated,®./  to  give  the  intermediate 
B-4,  which  possessed  the  basic  skeleton  of  the  deazafebrifugine  B-l.  That 
the  reaction  of  the  lithio  compound  with  the  piper idylacetate  B-3  stopped 
cleanly  at  the  ketone  stage  is  apparently  due  to  the  fact  that  as  soon  as  the 
ketone  B-3  was  formed,  it  was  immediately  converted  to  its  enolate  salt 
under  the  reaction  conditions.  In  work-up,  the  ketone  can  be  isolated  by 
extraction  after  the  aqueous  phase  is  neutralized.  The  structure  of  this 
intermediate  was  confirmed  by  spectral  evidence  (IR,  NMR) . 


Deblocking  of  the  protecting  groups  in  the  intermediate  B-4  was 
carried  out  by  two  different  methods:  Heating  of  B-4  with  48%  hydrobromic 

acid  removed  both  the  N-  and  0-  protecting  groups  at  the  same  time.  Al- 
ternatively, the  N-acetyl  group  could  be  hydrolyzed  first  by  boiling  with 
dilute  hydrochloric  acid  and  the  remaining  ether  functions  were  cleaved 
by  hydrobromic  acid.  However,  repeated  attempts  to  isolate  the  target 
compound  as  a solid  or  a crystalline  hydrochloride  or  fumaric  acid  salt 
were,  as  yet,  unsuccessful. 


Recently,  Berkelhammer , et  al.,  reinvestigated  the  stereochemistry 
of  febrifugine Based  on  their  new  experimental  findings,  they  con- 
cluded that  with  regard  to  the  two  substituents  on  the  piperidine  ring  of 
febrifugine,  that  portion  of  the  molecule  is  actually  of  trans  configura- 
tion, rather  than  cis , as  originally  assigned  by  Baker.  The  evidence 
presented  by  these  workers  consisted  of:  (1)  the  piperidylpropanone  inter- 

mediate B-31  used  in  Baker's  third  synthesis!!/  readily  undergoes  thermal 
isomerization  to  an  equilibrium  mixture  of  the  ratio  of  2-3:1  in  favor  of 
the  trans  isomer  B-32.  This  facile  isomerication  has  since  been  confirmed 


by  us;  (2)  as  shown  by  NMR  analysis,  the  lactone  B-33,  a key  intermediate 
of  Baker's  second  synthesis  actually  has  a trans  ring  junction  instead  of 
cis,  as  designated  by  Baker.!®/ 


Since  the  piperidylacetate  B-3  used  in  the  present  synthesis  must 


be  predominantly  in  the  cis  configuration,  the  final  product  obtained  should 
also  be  mainly  cis,  the  wrong  isomer.  In  the  febrifugine  series,  it  is 
known  that  the  cis  isomer  is  usually  more  difficult  to  crystallize  than  the 
trans  isomer.  It  is  therefore  reasonable  to  assume  that  the  failure  to 
obtain  the  final  product  as  a solid  or  crystalline  salt  with  hydrogen 
chloride  or  fumaric  acid  is  due  to  predominance  of  the  cis  isomer  in  the 
crude  product.  In  order  to  obtain  the  desired  target  compound  with  correct 
trans  configuration,  we  then  decided  to  synthesize  the  isomerically  pure 
trans  lactone  B-33  and  to  use  this  in  the  place  of  the  piperidylacetate  B-3 
in  the  reaction  with  the  lithio  compound  B-2  (M=Li) . The  target  compound 
prepared  in  this  manner,  having  a fixed  trans  configuration,  should  be 
easier  to  solidify  or  crystallize  after  being  converted  to  its  hydrochloride 
or  fumaric  acid  salt.  In  addition,  this  trans  lactone  will  serve  as  the 
intermediate  for  the  synthesis  of  the  other  series  of  the  target  compounds, 
that  is,  the  4-methyl  ether  analogs  B-34. 


nh2 

B-35 


H 


0 


Et3N 

^ 

CHCI3 


B-41 


Et,N 

- i 

0COBr" 


B-33 


The  synthesis  of  the  trans  lactone  B-33  was  carried  out  essentially 
by  the  method  of  Baker .15/  3-Amino- 3- (2-furyl) -propionic  acid  (B-35)  was 
prepared  by  the  reaction  of  furfural  with  malonic  acid  and  ammonium  acetate 
in  ethanol.  Direct  benzoylation  of  the  amino  acid  in  aqueous  base  posed  some 
difficulty.  Later,  the  benzamido  acid  B-38  was  made  by  a more  circuitous 
method,  but  in  more  satisfactory  yield,  through  the  ethyl  ester  B-36.  Sur- 
prisingly, the  benzamido  ester  B-37  could  not  be  readily  hydrogenated  so 
that  it  was  hydrolyzed  to  the  acid  B-38.  Catalytic  reduction  of  compound 
B-38  could  then  be  carried  out  in  ethanol  in  the  presence  of  palladium-on- 
charcoal  catalyst  at  50°.  Hydrobromic  acid  treatment  of  the  tetrahydro- 
furyl  acid  B-39  opened  the  ring  with  concurrent  formation  of  the  lactone 
B-40,  which,  on  successive  treatment  with  triethylamine  and  benzoyl  bromide 
in  chloroform,  gave  the  desired  piperidyl  lactone  B-41.  After  purification 
through  a chromatographic  column,  the  lactone  B-33  finally  crystallized  and 
was  purified  by  recrystallization.  Its  physical  property  and  spectral  data 
are  in  close  agreement  with  those  reported  in  the  literature. 


The  lactone  B-33,  surprisingly,  behaved  quite  differently  from 
that  of  the  piperidylacetate  B-3  in  the  reaction  with  3-lithiomethyl-4- 
methoxyquinoline  B-2  (M=Li) , as  only  a carbinol  could  be  isolated.  A 
plausible  explanation  of  this  apparent  difference  is  that  in  the  reaction 
involving  an  ester,  the  incipient  ethoxy  anion  could  abstract  a benzylic  pro- 
ton the  instant  the  keto  product  is  formed,  resulting  in  the  formation  of 
an  enolate  ion,  so  that  a second  mole  of  the  lithio  compound  could  not  react 
with  the  carbonyl  function.  However,  in  the  case  of  the  lactone,  the 
alkoxide  anion  formed  is  apparently  not  in  close  proximity  of  the  benzylic 
protons  so  that  the  abstraction  of  a proton  must  be  slower  than  the  compet- 
ing reaction  of  a lithio  compound  with  the  newly  formed  ketone  group.  Hence, 
a carbinol  is  the  sole  product. 


r*TV 


I 


0 


In  addition  to  the  general  approach  already  described,  a different 
synthetic  route  to  the  target  compound  B-l  starting  from  thermally  equili- 
brated piperidylpropanones  B-31  and  B-32  was  also  studied.  The  reaction  of 
the  a-bromoketone  B-42  with  the  sodium  salt  of  ethyl  formylacetate  or  diethyl 
malonate  was  attempted,  but  was  without  success.  Conversion  of  the  cx-bromo- 
ketone  B-42  to  the  epoxide  B-43  could  be  carried  out  by  treatment  of  the 
ketone  with  diborane  followed  by  base  (but  not  by  the  action  of  sodium  boro- 
hydride)  . Since  3-lithio-4-methoxyquinoline  (B-2,  M»Li)  probably  could  not 
be  stable  up  to  a temperature  high  enough  to  allow  the  reaction  with  the 
epoxide  B-43  to  proceed,  this  approach  was  not  further  investigated. 


Presently,  we  are  also  studying  hypohalite  degradation  of  the 
methyl  ketone  B-45,  which  was  derived  from  the  thermally  equilibrated 
ketone  B-44  with  a trans  to  cis  ratio  of  2:l,.il/  to  the  carboxylic  acid 
B-46.  If  the  latter  compound  could  be  so  obtained,  it  should  react 
smoothly  with  3-lithiomethyl-4-methoxyquinoline  to  furnish  a product  richer 
in  the  desired  trans  form  than  that  obtained  previously  from  the  piperidyl- 
acetate  B-3.  Consequently,  it  may  be  easier  to  isolate  the  deazaf ebrl fugine 
salt  in  a solid  form. 


2.  Condensation  between  Ethyl  4-Methoxy-3-quinolinylacetate 
(B-47)  and  Ethyl  l-Acetyl-3-methoxy-2-piperidylacetate  (B-3) : 


ch3o 


Et02C-CH2 


D 


intermediates 


>B-4 


► B-l 


N" 

I 

COCH3 


B-3 


Theoretically,  four  condensation  intermediates  (B-48  to  B-51) 
can  be  formed.  Nevertheless,  because  of  the  difference  in  activity  between 
the  two  acetate  side  chains  of  B-47  and  B-3,  compounds  B-48  and  B-49  probably 
are  formed  predominately  as  the  major  intermediate  products.  Upon  hydrolysis 
and  decarboxylation,  both  B-48  and  B-49  should  yield  B-4,  from  which  the 
target  compound  B-l  can  be  obtained. 
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Compound  B-3  has  already  been  prepared,  as  discussed  in  the  pre- 
ceedlng  section.  For  the  preparation  of  B-47,  the  following  studies  were 
conducted.  Jones  and  Youngi?/  reported  that  arylcadmium  compounds  could 
react  with  a-halo  esters  or  ketones  to  give  a-aryl  substituted  esters  or 
corresponding  ketones.  This  reaction  was  therefore  studied.  Under  normal 
conditions,  3-bromo-4-methoxyquinoline  (B-20)  did  not  form  a Grignard 
reagent  readily,  but  it  did  react  with  magnesium  to  a certain  extent  by 
using  the  entrainment  method.  However,  the  reaction  could  not  always  be 
carried  to  completion.  When  the  quinolylcadmium  compound  B-53,  prepared 
in  situ  from  the  incompletely  formed  Grignard  compound,  was  allowed  to 
react  with  ethyl  bromoacetate,  the  desired  quinolylacetate  could  not  be 
obtained  and  most  of  the  starting  material  was  recovered. 


Br-CH2-C02Et 
> 


15 


'Hie  reaction  of  the  cadmium  compound  B-53  with  the  ^-bromoketone 
B-54  was  also  studied.  There  was  some  indication  that  this  reaction  did 
proceed.  But  the  yield  of  the  desired  product  was  low.  Apparently,  the 
success  of  these  reactions  would  hinge  on  the  yield  of  the  Grignard  reagent, 
from  which  the  cadmium  compound  is  prepared.  We  are  presently  trying  to 
find  a better  reaction  condition  for  making  the  required  Grignard  reagent. 


In  a related  study,  an  attempt  was  made  to  prepare  the  quinolyl- 
copper  compound  B-56,  which  could  then  be  treated  with  ethyl  diazoacetate 
according  to  the  method  of  Sato  and  Watanabe.— ^ Probably  due  to  incomplete 
formation  of  the  Grignard  reagent,  the  desired  product  was,  again,  not 
isolated . 

Cu  N?CHC02Et  ^ HCl ^ B_4? 

B-56 


We  also  studied  Brown's  reaction  of  B-aryl-9-borabicyclo[3.3.1]- 
nonane  with  a-haloesters  and  ketones  under  the  influence  of  potassium 
t^-butoxide£l/  for  the  preparation  of  the  quinolylacetate  B-47.  3-Lithio- 
4-methoxyquinoline  was  prepared  in  the  usual  manner  from  the  3-bromoquino- 
lineB-20by  the  action  of  butyllithium  at  -70°  (in  Brown's  work  the  aryl- 
lithium  was  prepared  from  aryl  bromide  and  lithium),  and  was  converted  to 
the  trisubstituted  borane  B-57  by  treatment  of  9-borabicyclo[3.3.l]nonane 
and  methanesulfonic  acid  according  to  Brown's  procedure.  Ethyl  bromo- 
acetate  was  then  added  followed  by  potassium  £-butoxide  in  THF.  Chromatog- 
raphy of  the  crude  product,  however,  did  not  indicate  the  presence  of  the 
desired  product  B-47. 


t-BuOK-THF 


3.  Construction  of  the  Entire  Side  Chain  portion  prior  to  the 
cyclization  of  the  Quinoline  Ring. 


The  general  approach  and  background  were  presented  in  the  last 
progress  report.  During  this  report  period,  an  experiment  was  carried  out 
to  determine  if  the  ketonitrile  intermediate  B-60  could  be  obtained  by  the 
reaction  of  the  picolyllithium  B-59  with  a large  excess  of  succinonitrile. 
This  reaction  was  of  no  practical  use  since  it  yielded  a quite  complex  mix- 
ture of  the  products.  We  are  presently  studying  the  reaction  of  the  picolyl- 
cadmium  compound  B-61  with  the  acyl  chloride  B-62.  If  the  desired  product 
could  be  obtained  successfully,  further  transformation  reactions,  including 
the  final  ring  closure,  should  lead  to  the  target  compound  B-l. 
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B-l 


CHO 


A different  route  to  the  target  compound  B-l,  shown  in  the  fol- 
lowing scheme,  was  briefly  examined.  The  a-keto  ester  B-63  was  obtained 
in  low  yield  (8%)  by  the  reaction  of  a-picolyllithium  with  diethyl  oxalate. 
In  order  to  improve  the  yield  of  the  a-keto  ester  intermediate,  a model 
reaction  using  a-picoline  as  the  starting  material  was  conducted  according 
to  the  method  of  Amstutz  and  Besso,24/  but  we  were  unable  to  reproduce 
even  the  10%  yield  of  the  desired  product  reported  by  them.  Because  of 
the  difficulty  anticipated  in  the  preparation  of  enough  starting  material, 
the  approach  is  not  being  continued. 


B-59  + 


C02Et 

C02Et 


-07 


CH2C0C02Et 


B-63 


or 


fH2 

0=C CO 
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Since  the  chlorine-containing  quinoline  compounds  are  usually 
more  crystallizable  than  the  parent  compounds,  it  seems  quite  likely  that 
7-chlorodeazafebrifugine  (B-64),  also  a target  compound  in  this  series, 
would  be  easier  to  crystallize  than  the  deazafebrif ugine  B-l  itself.  In 
order  to  make  a target  compound  available,  our  attention  was  then  turned 
to  the  synthesis  of  this  chlorine-containing  analog  by  the  established 
method . 


B-64 


Several  hundred  grams  of  diethyl 


(m-chloroaniline)methylene- 


malonate  (B-67)  and  ethyl  7-chloro-4-hydroxy-3-quinolinecarboxylate  (B-68) 
were  prepared  according  to  the  procedure  of  Price  and  Roberts. 


Another  intermediate  B-74  required  in  this  synthesis  was  prepared 
by  essentially  the  same  method  used  for  the  preparation  of  4-methoxy-3- 
methylquinoline.  Compound  B-69  obtained  from  m-ch loro aniline  and  ethyl 
formylpropionate  was  cyclized  in  boiling  Dowtherm  A to  yield  a mixture  of 
5-  and  7-chloro-4-hydroxy-3-methylquinoline  (B-70  and  B-71)  in  the  ratio 
of  1:2.  These  isomers  were  separated  by  acetone  extraction  in  a Soxhlet 
apparatus.  The  5-chloro  compound,  being  more  soluble  in  acetone,  was 
obtained  first,  while  the  7-isomer  was  left  behind  in  the  thimble.  On 
reaction  with  phosphorous  oxychloride,  these  two  compounds  were  converted 
to  their  respective  chloro  compounds  B-72  and  B-73.  The  structure  of  these 
compounds  was  established  by  comparison  of  their  melting  points  with  those 
reported  in  the  literature,—'  and  also  by  NMR.  7-Chloro-4-methoxy-3- 
methylquinoline  (B-74)  was  prepared  from  4 ,7-dichloro-3-methylquinoline 
(B-73)  by  the  usual  treatment  with  sodium  methoxide  in  methanol. 


B-69 


1 


CH3ONa 

CH3OH 
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Attempts  were  then  made  to  llthiate  7-chloro-4-methoxy-3-methyl- 
quinoline  (B-74)  with  lithium  diisopropylamide  in  the  usual  manner.  However, 
in  contrast  to  4-methoxy-3-methylquinoline,  the  chlorine-containing  methyl- 
quinoline  B-74  could  not  be  so  readily  lithiated.  At  -65°,  the  chlorine 
atom  appeared  to  be  attacked,  probably  by  the  benzylic  lithium  formed  in  the 
reaction,  which  must  be  more  reactive  than  butyllithium.  On  the  other  hand, 
when  the  reaction  temperature  was  kept  at  below  -72°,  the  methyl  group  was 
not  lithiated  even  in  the  presence  of  large  excess  of  lithium  diisopropyla- 
mide, as  indicated  by  the  absence  of  deuterium  incorporation  after  deuterium 
oxide  quenching.  Interestingly,  deuterium  exchange  with  8-H  of  the  quinoline 
ring  was  detected  by  NMR.  A few  more  pilot  scale  experiments  will  be  con- 
ducted to  determine  if  the  desired  lithiation  reaction  could  be  successfully 
carried  out. 
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III.  EXPERIMENTAL 


I -Cyc lop ropy lbutan-1 -one  (A-4) 

To  a stirred  suspension  of  9 g of  Mg  and  250  ml  of  anhydrous 
Et20  was  added,  under  N2>  5 g of  propyl  bromide  (Aldrich)  to  initiate 
the  reaction.  As  the  reaction  commenced,  the  remaining  40  g of  propyl 
bromide  was  added  dropwise  to  the  suspension  at  such  a rate  that  the  Et20 
refluxed  gently.  The  dark  solution  thus  obtained  was  stirred  for  an  addi- 
tional hour  followed  by  dropwise  addition  of  25  g of  cyclopropyl  cyanide 
(A-3,  Aldrich).  The  reaction  mixture  was  gently  refluxed  throughout  the 
addition,  then  was  allowed  to  stir  at  room  temperature  overnight.  The 
resulting  clear  solution  was  poured  into  a mixture  of  500  ml  of  1 M H2S0^ 
and  200  g of  crushed  ice.  The  ether  layer  was  separated  and  the  aqueous 
layer  extracted  with  Et20  (2  x 150  ml).  The  combined  Et20  solution  was 
dried  (MgSO^)  and  evaporated  to  give  33.5  g (817.  yield)  of  k-£J  as  a 
liquid.  Its  ir  spectrum  (neat)  showed  a carbonyl  absorption  at  1700  cm"^. 
No  nitrile  absorption  was  observed. 


l-Bromo-4-heptanone  (A-5) 

A mixture  of  29.5  g (0.267  mole)  of  A-4  and  250  ml  of  48%  HBr 
was  stirred  at  room  temperature  for  20  hr.  The  resulting  organic  layer 
was  separated  and  diluted  with  200  ml  of  Et20.  The  ether  solution  was 
washed  with  5%  NaHC03  (2  x 100  ml),  dried  (MgSO^)  and  evaporated  to  yield 
a liquid.  Distillation  of  the  liquid  at  86°/3.5  mm  gave  34.4  g (667.  yield) 
of  A-5  (lit .2JJ  bp  66°/1.5  mm). 

Compound  A-5  showed  a strong  carbonyl  absorption  at  1710  cm'^ 
in  its  ir  spectrum  (neat);  its  nmr  spectrum  (CDCI3)  showed  a triplet  at 
6 0.9  (J  = 3 cps;  3H;  CH3) , a multiplet  at  6 1.3-2. 8 (8H;  CH2  at  C-2,  -3, 
-5,  -6),  a triplet  at  6 3.45  (J  = 6 cps;  2H;  CH2  at  C-l);  its  mass  spectrum 
had  parent  peaks  at  m/e: 192  and  194  (Br  isotope)  of  equal  intensity. 


l-Bromo-4-hydroxyheptane  (A-6) 

To  a solution  of  20.4  g (0.105  mole)  of  A-5  in  105  ml  of  THF 
at  2°  was  added  dropwise,  with  stirring,  105  ml  of  1 M B^-THF  (Aldrich) 
in  1.5  hr.  The  temperature  of  the  reaction  mixture  was  kept  below  10°  dur- 
ing the  addition  as  well  as  1.5  hr  after  the  addition.  The  cooling  bath 
was  then  removed  and  the  reaction  mixture  was  allowed  to  warm  up  to  room 
temperature  in  1 hr.  The  mixture  was  cooled  again  to  2°  and  to  it  was 
added  dropwise  30  ml  of  EtOH  to  decompose  the  excess  diborane.  The  result- 
ing solution  was  acidified  with  2 ml  of  60%  ethanolic  HCl  and  evaporated 


in  vacuo  below  40°.  The  liquid  residue  was  dissolved  in  200  ml  of  Et£0 
and  the  solution  washed  successively  with  5%  NaHC03  (30  ml),  H£0,  and 
saturated  with  a NaCl  solution.  After  being  dried  with  MgSO^,  the  ether 
solution  was  evaporated  to  yield  crude  A-6.  This  was  divided  into  two 
portions  and  subjected  to  molecular  distillation  at  80°  (0.3  mm)  to  give 
a combined  yield  of  12.1  g ( 58%)  of  A-6.  Its  ir  spectrum  (neat)  had  a 
strong  absorption  at  3560-3050  cm'l.  No  carbonyl  absorption  for  the  start- 
ing ketone  was  observed.  This  compound  was  rather  unstable  on  standing. 

It  was  therefore  used  immediately  for  the  preparation  of  A-7. 


1 ,4-Dibromoheptane  (A-7) 

To  a solution  of  6.7  g (0.034  mole)  of  A-6  and  11  g (0.042  mole) 
of  triphenylphosphine  in  80  ml  of  dry  DMF  cooled  in  an  ice  water  bath  was 
added  dropwise,  with  stirring,  2.4  ml  of  until  a faint  orange  color 
persisted.  The  reaction  solution  was  allowed  to  warm  slowly  to  room  tem- 
perature in  1.5  hr,  then  stirred  at  room  temperature  over  night.  The 
HBr  formed  in  the  reaction  was  removed  by  means  of  an  aspirator  (ca.  30  min). 
The  solution  was  then  heated  at  60°  for  30  min  and  distilled  in  vacuo . The 
initial  fraction  (100  ml)  collected  at  30-60°/l. 5-3.0  mm  was  mostly  DMF  with 
a small  amount  of  product;  the  second  fraction  (5  ml)  collected  at  50-75°/ 

0.3  mm  was  mostly  the  desired  product  contaminated  with  DMF  and  a white 
solid.  These  two  fractions  were  combined  and  diluted  with  500  ml  of  l^O. 

The  aqueous  solution  was  extracted  with  Skelly  B (3  x 100  ml).  Hie  extract 
was  dried  (MgSO^)  and  evaporated  to  yield  A-7  as  a liquid. 

The  preceding  procedure  was  repeated  using  5.4  g (0.028  mole)  of  A-6, 
7.6  g (0.029  mole)  of  03P,  40  ml  of  DMF  and  4.65  g of  B^.  The  crude  products 
from  these  two  experiments  were  combined  (12  g)  and  distilled  to  give  10.2  g 
(64%  yield)  of  pure  A-7,  bp  63-65°/0.4  mm  (lit.!**/  bp  80-82°/4  mm).  Its  ir 
and  nmr  confirmed  the  structural  assignment. 


N-(4-Bromoheptyl)phthalimide  (A-8) 

A mixture  of  10.1  g (0.039  mole)  of  A-7,  14.4  g (01078  mole)  of 
potassium  phthalimide,  and  150  ml  of  Me2C0  was  refluxed  for  3 days.  The 
solid  was  separated  by  filtration,  washed  with  Me2C0,  and  discarded.  Hie 
combined  acetone  solution  was  evaporated  to  yield  a liquid  residue.  This 
was  column  chromatographed  on  silica  gel  (Woelm  Act  I,  120  g)  and  eluted 
with  CHCI3.  The  first  380-ml  fraction  was  discarded.  Hie  second  1,200-ml 
fraction  contained  10.1  g (82%  yield)  of  analytically  pure  A-8,  which 
solidified  on  standing,  mp  46-50°.  The  third  1,000-ml  fraction  contained 
2 g of  an  oily  liquid,  which  was  partially  solidified  on  standing.  This 
fraction  contained  two  other  compounds  in  addition  to  A-8,  as  detected  by 
tic. 
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Compound  A-8  had  a carbonyl  absorption  at  1710  cm’^  (strong)  and 
1770  cm"*  (medium)  in  its  ir  spectrum  (neat).  Its  nmr  spectrum  (CDClj) 
showed  a triplet  at  6 0.88  (J  = 7 cps,  3H,  CH3),  a multiplet  at  6 1.20-2.00 
(8H,  CH2  at  C-2,  -3,  -5,  -6),  a multiplet  at  6 3.50-3.75  (2H,  CH2  at  C-l), 
a multiplet  at  6 3.86-4.15  (lH,  CH)  and  a multiplet  at  6 7.50-7.82  (4H, 
aromatic  Hg ). 

Anal.  Calcd.  for  C^HigBrlM^:  C,  55.55;  H,  5.60;  N,  4.32. 

Found:  C,  55.47;  H,  5.96;  N,  4.30. 

6-Methoxy-4-methyl-8-( l-phthalimido-4-heptylamino) quinoline  (A-9) 

A mixture  of  3.24  g (0.01  mole)  of  A-8,  1.5  g (0.008  mole)  of 
8-amino-6-methoxy-4-methylquinoline,  1.0  g (0.01  mole)  of  diisopropylamine, 

2 ml  of  ethanol,  and  2 ml  of  2-ethoxyethanol  was  gradually  heated  in  a steel 
container  to  160°  in  6 hr  and  maintained  at  that  temperature  for  an  addi- 
tional 18  hr.  The  container  was  cooled  to  room  temperature  and  the  dark 
brown  reaction  mixture  was  transferred  to  a flask  containing  120  ml  of 
Et20.  The  mixture  was  stirred  for  1 hr  and  filtered.  The  remaining  solid 
was  suspended  in  another  120-ml  portion  of  Et20,  stirred  for  1 hr  and  fil- 
tered. The  solid  was  discarded  and  the  combined  filtrate  was  evaporated. 

The  residual  liquid  was  dissolved  in  5 ml  of  CHCI3  and  column  chromato- 
graphed on  50  g of  silica  gel  (Woelm,  Act  I)  eluting  with  CHCI3.  The  first 
550-ml  fraction  contained  1.2  g of  starting  material  A-8.  The  second  185- 
ml  fraction  contained  1.1  g (307.  yield)  of  the  desired  product  A-9.  The 
third  145-ml  fraction  contained  both  A-9  and  the  starting  aminoquinoline. 

Compound  A-9  had  a weak  NH  absorptioij  at  3350  cm"*  and  carbonyl 
absorptions  at  1770  cm"*  (medium)  and  1710  cm  (strong)  in  its  ir  spectrum 
(neat).  Its  nmr  spectrum  was  also  in  accord  with  the  assigned  structure. 


8 - ( 1 -Amino-4-hepty lamino ) -6 -methoxy-4-methy lquinoline  (A-10) 

A stirred  solution  of  1.1  g (2.5  mmole)  of  A-9,  0.8  ml  of  857. 
hydrazine  and  25  ml  of  EtOH  was  refluxed  for  2 hr.  The  white  precipitate 
was  filtered,  washed  with  5 ml  of  EtOH,  and  discarded.  The  combined 
ethanol  solution  was  evaporated  and  the  residue  was  dissolved  in  10  ml  of 
307.  KOH.  The  resulting  aqueous  solution  was  extracted  with  Et20  (3  x 25  ml). 
The  ether  solution  was  dried  (MgSO^)  and  evaporated.  The  residual  liquid 
was  subjected  to  a bulb-to-bulb  distillation.  The  initial  fraction  collected 
at  an  oven  temperature  of  110°  (0.15  mm)  was  discarded.  The  second  fraction 
collected  at  an  oven  temperature  of  140°  (0.15  mm)  was  the  desired  compound 
A-10,  0.3  g (407.  yield),  isolated  as  a light  yellow  liquid.  Its  ir  spectrum 
(neat)  had  NH  and  NH2  absorptions  at  3350  and  3280  cm"*  (medium).  Its  nmr 
spectrum  showed  a triplet  at  6 0.86  (J  = 7 cps,  3H,  CH3  on  the  alkyl  chain), 
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a multiplet  at  6 1.20-1.80  (8H,  CH2  protons  excluding  the  ones  a to  NH2), 
a singlet  at  6 2.46  (3H,  CH3  at  position  4 of  the  quinoline  ring),  a 
multiplet  at  6 2.20-2.70  (2H,  CH2  protons  a to  NH2>,  a multiplet  at 
6 2.60-2.26  (IH,  CH),  a singlet  at  6 3.78  (3H,  CH3O),  a multiplet  at 
6 5.94-6.32  (M,  aro-H),  a doublet  at  6 7.01  (J  = 4 cps,  1H,  aro-H)  and 
a doublet  at  6 8.32  (J  * 4 cps,  1H,  aro-H).  Mass  spec:  m/3  301  (M+), 

189  (100%,  the  8-amino-6-methoxy-4-methylquinoline  moiety),  243  (84.57., 

M+  - (CH2)3-NH2),  257  (1.83%,  M+  - CH2CH2NH2>»  229  (°*77«»  M+  ‘ (CH2)4-NH2). 
The  fragmentation  pattern  was  very  similar  to  that  of  previously  synthesized 
8 - ( 1 -e thy 1 -4-aminobu ty 1 amino ) -6 -me  thoxy -4 -me thy lqu ino line. 


6-Methoxy-4-methyl-8-(l-propyl-4-aminobutylamino)quinoline  diphosphate  (A-2b) 

To  a solution  of  0.3  g of  A-10  in  0.5  ml  of  2-propanol  was  added 
a solution  of  0.3  g of  857.  in  0.5  ml  of  2-propanol.  The  precipitated 

brown  paste  was  separated  and  dissolved  in  ca.  5 ml  of  boiling,  957.  EtOH. 

On  cooling,  a yellow-brown  oil  separated.  The  ethanol  solution  was  decanted 
and  the  oil  redissolved  in  hot,  95%  EtOH.  Again  a yellow-brown  oil  separated 
on  cooling  but  this  time  it  solidified  on  over  night  standing  to  give  0.1  g 
of  A-2b.  Three  additional  recrystallizations  from  95%  EtOH  yielded  an  analyti 
cally  pure  sample,  mp  142-144°. 

Anal.  Calcd.  for  C18H27N30«2H3P04*2H20:  C,  40.50;  H,  6.99;  N, 

7.87;  P,  11.62.  Found:  C,  40.41;  H,  6.78;  N,  7.86;  P,  11.74. 

4-[(5-Diethylamino-2-pentyl)amino]-5-nitroveratrole  (A- 11) 


The  experiment  on  p.  16  of  MRI-2883-B  Quarterly  Report  No.  45 
was  repeated.  The  crude,  black  syrup  (which  decomposed  on  attempted  dis- 
tillation) was  dissolved  in  15  ml  of  CH2Cl2  and  chromatographed  through  a 
neutral  alumina  (Fisher)  column.  Elution  with  petroleum  ether  (bp  60-90°) 
and  5%  CH2Cl2-petroleum  ether  gave  a small  amount  of  starting  material. 
Continued  elution  with  CH2C12  followed  by  EtOAc  gave  the  product  A-ll. 

An  alternative  procedure  to  isolate  A-ll  was  also  conducted. 

After  elution  of  the  column  with  petroleum  ether,  the  adsorbent  was  re- 
moved from  the  column  and  the  section,  which  contained  the  desired  product, 
was  extracted  with  CHCI3.  The  compound  was  used  in  the  following  reaction 
without  further  purification. 


l-(5-Diethylamino-2-pentyl) -5 , 6-dlme thoxybenzimidazole  (A-13) 


A mixture  of  6.4  g (0.02  mole)  of  A-ll,  75  ml  of  EtOH,  and  0.2  g 
of  Pt02  was  hydrogenated  for  16  hr  on  a Parr  hydrogenator  at  65  psig.  The 
catalyst  was  removed  by  filtration  and  the  solvent  evaporated  under  reduced 
pressure.  To  the  residual  liquid  was  added  50  ml  of  9871  HCO^  and  the  mix- 
ture was  heated  in  a stainless  steel  vessel  for  3 hr  at  165°.  The  mixture 
was  cooled  and  the  dark  liquid  evaporated  under  reduced  pressure  to  remove 
the  excess  HCO2H.  The  residue  was  dissolved  in  25  ml  of  H2O,  made  strongly 
basic  with  207.  NaOH,  and  extracted  with  Et20  (5  x 30  ml).  Evaporation  of 
the  ether  extract  gave  2 g of  a dark  oil.  Its  uv  spectrum  showed  a char- 
acteristic benzimidazole  absorption  at  292  nm  (pH  1).  Repeated  attempts 
to  prepare  a crystalline  salt  failed.  Hie  oily  product,  after  evaporation 
of  solvents,  was  subjected  to  short  path  distillation  in  a Kugelrohr  (ball 
tube  oven).  There  was  obtained  1.5  g (237.  yield)  of  A-13  as  an  orange 
liquid,  bp  150-155°/0.05  ran:  ir:  1655,  1500  cm-1;  uv:  gj^1  292  nm  (t 

16,200);  mass  spec:  319  (M  ). 

Anal.  Calcd.  for  C18H29N302- 1.5  H20:  C,  62.40;  H,  9.31;  N,  12.13. 

Found:  C,  62.61;  H,  9.87;  N,  11.76. 

Attempted  preparation  of  A-13  by  refluxing  the  HCl  salt  of  A-12 
with  987.  HC02H  for  3 hr,  by  refluxing  the  salt  with  a mixture  of  HCO2H  and 
HCONH2  or  by  refluxing  the  free  base  A-12  with  HCO^  did  not  yield  the  de- 
sired product.  A very  small  amount  of  A-13  was  obtained  \Aien  A-12  was  heated 
with  a mixture  of  AC2O  and  HC(0Et>3. 


4-(5-Dimethylamino-2-pentylamino)-3-nitroanisole  (A-15) 

A mixture  of  3.5  g (0.015  mole)  of  4-bromo-3-nitroanisole  (A-14) , 
2.5  g (0.015  mole)  of  5-diethylamino-2-pentylamine  ( novo Id famine ) , and  1.3  g 
(0.015  mole)  of  sodium  bicarbonate  was  heated,  with  stirring,  at  120°  for 
5 hr  under  nitrogen.  There  was  much  gas  evolution.  The  dark  reaction  mix- 
ture was  cooled  and  extracted  with  ether  (5  x 20  ml) . The  ether  extract 
was  dried  and  evaporated.  TLC  (CH2CI2  on  alumina)  of  the  syrupy  residue 
showed  two  spots.  Chromatography  of  the  residue  on  silica  gel  (MCB)  with 
petroleum  ether  gave  a 66%  recovery  of  the  starting  material  A-14.  Further 
elution  with  CH2CI2  gave  1 g (22%  yield)  of  the  product  A-15  as  a red  liquid. 
Rf  : 0.2  (CH2CI2  on  alumina),  b.p.  160-165°/0.03  mm;  ir  : 2.95,  6.3,  6.6  ; 

m/e  : 309  (M*  ) . 

In  the  absence  of  sodium  bicarbonate,  only  up  to  13%  yield  of  A-15 
was  obtained  even  when  the  reaction  mixture  was  heated  to  180°.  A 16%  yield 
of  A-15  was  realized  when  copper  powder  was  used  as  the  catalyst . When 
pyridine  was  used  as  a reaction  solvent,  a 22%  yield  of  A-15  was  obtained 
at  reflux  temperature  of  pyridine.  Higher  temperature  (160°)  resulted  in 
extensive  decomposition. 


l-(5-Dimethylamlno-2-pentyl)-5-me thoxv benzimidazole  ( A- 1 7 ) 


A mixture  of  6.2  g (0.02  mole)  of  A-15,  75  ml  of  ethanol,  and 
0.2  g of  Pt02  was  hydrogenated  at  60  psig  for  5 hr.  The  catalyst  was  re- 
moved by  filtration  and  the  solvent  evaporated  under  reduced  pressure.  To 
the  residue  was  added  50  ml  of  98%  formic  acid  and  the  mixture  heated  in 
a stainless  steel  pressure  vessel  at  165°  for  3 hr.  The  reaction  mixture 
was  cooled  and  excess  formic  acid  removed.  This  was  diluted  with  25  ml 
of  water  and  made  basic  with  20%  sodium  hydroxide.  The  resulting  mixture 
was  extracted  with  ether  (5  x 30  ml).  The  ethereal  extract  was  dried, 
evaporated,  and  the  residual  oil  distilled  in  a Kugelrohr  to  give  4.3  g 
(74%  yield)  of  A-17  as  a pale  yellow  viscous  liquid,  b.p.  122-127°/0.05  mm 
(lit.  29/b.p.  195°/2  mm);  ir  : 3.1,  5.9,  6.3  m \ 250  (t  15,200),  292  nm 

(c  10,900);  A PH  1 285  nm  ( f 12,600);  m/e  : 28Q 
max 

Anal,  Calcd . for  C17H27N30- 1. 5H20:  C,  64.52;  H,  9.56;  N,  13.28. 

Found:  C,  64.45;  H,  9.55;  N,  13.22. 
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Ethyl  3-Methoxy-2-pyridylacetate  (B-7) 

A solution  of  lithium  diisopropylamide  was  prepared  from  0.12  mole 
of  distilled  diisopropylamine  and  0.12  mole  of  a hexane  solution  of  BuLi 
(50  ml  x 2.4  M)  in  70  ml  of  Et20  at  ice  bath  temperature  under  N2.  After 
30  min  of  stirring,  12.3  g (0.1  mole)  of  3-methoxy-2-methylpyridine  (B-5) 
in  30  ml  of  Et20  was  added  dropwise  over  a period  of  15  min.  Stirring  was 
continued  in  the  cold  for  1 hr.  The  mixture  was  then  poured  over  100  g of 
finely  powdered  Dry  Ice  and  the  solvent  was  allowed  to  evaporate.  The  resi- 
due was  taken  up  in  400  ml  of  absolute  EtOH  and  the  solution  saturated  with 
anhydrous  HCl  for  1 hr  with  cooling.  After  being  allowed  to  stand  at  room 
temperature  overnight,  EtOH  was  evaporated  under  reduced  pressure  at  30°. 
The  residue  was  triturated  with  200  ml  of  CHClj  and  neutralized  with  a 
saturated  K2C0^  solution.  The  mixture  was  stirred  for  30  min,  the  solids 
removed  by  filtration  and  the  chloroform  solution  separated.  The  chloroform 
solution  was  washed  (H20),  dried  (Na2S04)  and  evaporated.  The  resulting 
residual  liquid  was  initially  distilled  under  water-aspirator  pressure  to 
remove  the  unreacted  starting  material  and  then  in  vacuo  to  give  9.1  g (47% 
yield)  of  the  desired  product  B-7  as  a yellow  oil,  b.p.  95-98°  (0.5  mm).  It 
was  identical  with  the  material  prepared  by  a different  method  as  described 
in  our  previous  annual  progress  report  .-i/ 


28 


Ethyl  l-Acetyl-3-methoxy-2-piperidylacetate  (B-3) 


The  pyrldylacetate  B-7,  9.1  g,  was  dissolved  in  150  ml  of  EtOH 
and  hydrogenated  at  50  psig  in  the  presence  of  3 g of  5Z  rhodium-on-charcoal 
catalyst  at  room  temperature  for  1 day.  After  removal  of  the  catalyst,  the 
solution  was  evaporated  under  reduced  pressure  at  40s  to  give  a clear  liquid. 
NMR  showed  that  the  reduction  was  essentially  complete.  The  crude  hydrogena- 
tion product  B-8  was  treated  with  20  ml  of  AC2O  for  30  min.  Water  was  then 
added  to  hydrolyze  excess  AC2O.  The  mixture  was  evaporated  and  the  residual 
oil  was  distilled  to  afford  7.2  g of  the  desired  product  B-3  as  a yellow 
oil,  b.p.  135-138°  (1.5  mn) . 


Ethyl  2-Formylpropionate 

To  a mixture  of  46  g (2  g-atoms)  of  sodium  and  222  g (3  moles) 
of  ethyl  formate  in  500  ml  of  anhydrous  ether  was  added  a small  portion  of 
204  g (2  moles)  of  ethyl  propionate.  After  the  reaction  was  started,  the 
remaining  ethyl  propionate  was  added  over  a period  of  1.5  hr.  The  mixture 
was  stirred  for  two  more  hours  and  then  allowed  to  stand  at  room  temperature 
overnight.  Water  (500  ml)  was  added  to  dissolve  the  solid  formed,  and  the 
ether  layer  was  separated  and  discarded.  The  aqueous  solution  was  acidified 
with  hydrochloric  acid  and  the  red  oily  product  separated.  The  aqueous 
layer  was  extracted  with  ether  and  the  ether  extract  combined  with  the  oil. 
It  was  wasted  (H2O),  dried  (Na2S04)  and  distilled  to  give  45  g (35%  yield) 
of  the  product  as  a yellow  oil,  b.p.  40-85°  (20  mm). 


4-Hydroxy-3-methylquinoline  (B-9) 

To  45  g (0.35  mole)  of  ethyl  a-formylpropionate  was  added  35  g 
(0.35  mole)  of  aniline.  The  exothermic  reaction  started  immediately.  After 
the  reaction  subsided,  a solid  product  slowly  separated.  It  was  filtered 
and  washed  with  cyclohexane.  The  yield  of  the  anil  was  30  g,  yellow  crystals, 
m.p.  76-77°. 

The  crude  anil  was  dropped  into  Dowtherm  A at  220°  and  the  mixture 
was  heated  with  stirring  at  240-250°  for  30  min.  On  cooling,  solid  product 
separated  out.  It  was  collected  by  filtration  and  washed  with  Skelly  F. 

There  was  obtained  15  g of  the  desired  product  B-9,  m.p.  228-230°  (lit. 12/ 
231°)  (yield  27%). 


29 


3-Methy 1-4-methoxyquinoline  (B-10) 


Fifteen  grams  of  4-hydroxy-3-methylquinoline  (B-9)  was  heated  with 
30  ml  of  phosphorous  oxychloride  on  a steam  bath  for  2 hr.  The  mixture  was 
distilled  under  reduced  pressure  to  remove  excess  phosphorous  oxychloride. 

The  residue  was  poured  onto  ice  chips  and  made  basic  with  ammonium  hydroxide. 
The  solid  formed  was  filtered  to  give  17  g of  4-chloro-3-methylquinoline, 
m.p.  55°  (lit.iOAn.p.  60°). 

The  crude  4-chloro-3-methylquinoline  was  heated  under  reflux 
with  a freshly  prepared  sodium  methoxide  solution  (prepared  from  6 g of 
sodium  and  50  ml  of  methanol)  for  1 day.  The  mixture  was  diluted  with 
water  (400  ml)  and  the  resulting  oil  was  extracted  with  ether  (2  x 200  ml) . 

The  combined  ether  extract  was  washed  (H2O) , dried  (MgSO^)  and  evaporated 
to  furnish  14  g of  3-methyl-4-methoxyquinoline  (B-10)  as  an  oily  liquid. 

Attempted  Metalation  of  3-Methyl-4-methoxyquinoline  and  Reaction  with  Ethyl 
l-Acetoxy-3-methoxy-2-piperidylacetate 

This  experiment  was  carried  out  according  to  the  method  of  Raynolds 
and  Levine. .§/  To  a mixture  of  10  g of  40%  sodium  dispersion  in  mineral  oil 
and  70  ml  of  benzene  was  added  with  stirring  a few  milliliters  of  a bromo- 
benzene  solution  in  benzene  (1:1),  followed  by  1 ml  of  10%  amyl  alcohol  in 
benzene.  The  temperature  of  the  reaction  mixture  was  maintained  at  30  t 3°. 
More  amyl  alcohol  solution  was  added  as  needed  to  initiate  the  reaction.  The 
color  of  the  mixture  darkened  as  the  reaction  proceeded.  The  remainder  of 
the  bromobenzene  solution  was  added  in  20  min.  The  mixture  was  stirred  for 
2 hr,  while  the  temperature  was  maintained  at  below  30°.  It  was  then  cooled 
in  an  ice  bath  and  a solution  of  8.5  g of  diisopropylamine  in  10  ml  of  benzene 
was  added.  After  the  mixture  was  stirred  for  30  min,  a solution  of  13  g of 
crude  3-methyl-4-methoxyquinoline  in  20  ml  of  benzene  was  added.  No  appre- 
ciable increase  in  the  temperature  was  noticed.  It  was  stirred  for  30  min 
and  a benzene  solution  (1:1)  of  9 g (0.037  mole)  of  ethyl  l-acetoxy-3- 
methoxy-2-piperidylacetate  was  introduced.  Stirring  was  continued  for  one 
more  hour.  The  reaction  mixture  was  poured  into  water  (200  ml)  and  the 
benzene  layer  was  separated.  The  aqueous  solution  was  extracted  with  ether. 
The  combined  organic  layer  was  washed  (H2O),  dried  (Na2S04)  and  evaporated. 

The  residue  was  found  to  be  the  unreacted  3-methyl-4-methoxyquinoline.  A 
small  amount  of  the  piperidylacetate  was  also  recovered  by  chloroform  extrac- 
tion of  the  aqueous  phase. 
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4-Chloro-3-quinolinemethanol  (B-13) 


A suspension  of  9.0  g (0.12  mole)  of  52%  oil  protected  lithium 
aluminum  hydride  in  300  ml  of  ether  was  cooled  to  -60°.  To  this  suspension 
was  added  a solution  of  23.6  g (0.1  mole)  of  4-chloro-3-carbathoxy-quinoline 
(B-12)  in  300  ml  of  the  same  solvent  at  such  a rate  that  the  reaction  tempera- 
ture was  maintained  at  below  -50°.  After  the  addition  was  completed,  the 
mixture  was  stirred  at  -50°  for  2 hr.  The  cooling  bath  was  then  removed  and 
when  the  temperature  reached  -25°,  150  ml  of  water-saturated  ether  was  added. 
It  was  followed  by  a solution  of  15  g of  sodium  hydroxide  in  40  ml  of  water. 
Stirring  was  continued  for  1 hr.  The  ether  layer  was  separated  and  the 
solid  was  filtered  with  Celite.  The  filter  cake  was  extracted  continuously 
with  acetone  to  afford  8.7  g (45%  yield)  of  4-chloro-3-quinolinemethanol 
(B-13),  m.p.  147-148°.  It  was  recrystallized  from  acetone  as  beige  needles, 
m.p.  148-149°  (lit.— ^ 147-147.5°).  From  the  ether  layer  a little  unreacted 
starting  material  was  recovered. 


4-Hydroxyquinoline  (B-17) 

This  compound  was  prepared  by  the  method  of  Riegel,  et  al.20/ 

Ethyl  4-hydroxy-3-quinolinecarboxylate , 35  g,  was  boiled  with  200  ml  of  10%. 
NaOH  solution  for  2 hr.  The  mixture  was  cooled,  diluted  with  (500  ml) 
and  made  acidic  with  hydrochloric  acid.  The  white  precipitate  was  isolated 
by  filtration  and  washed  with  water.  The  crude  4-hydToxy-3-quinolinecarboxy 
lie  acid  (B-16)  thus  obtained  was  placed  in  a flask  and  heated  rapidly  with 
open  flame.  Effervescence  occurred  when  the  solid  started  to  melt.  Heating 
was  continued  until  gas  evoluation  ceased.  The  residue  solidified  rapidly 
and  was  recrystallized  from  EtOH  to  give  18  g (777.  yield)  of  the  desired 
product  as  tdiite  crystals,  mp  196-199°. 

3-Bromo-4-hydroxyquinoline  (B-18) 

Surrey  and  Cutler's  method^/  was  used  for  this  preparation. 
Bromine,  21.6  g (0.12  mole),  was  added  in  small  portions,  with  shaking,  to 
a solution  of  18  g (0.12  mole)  of  B-2  in  150  ml  of  AcOH.  The  mixture  was 
heated  on  a steam  bath  for  30  min.  After  cooling,  the  solid  product  was 
isolated  by  filtration,  washed  with  AcOH  and  dissolved  in  300  ml  of  10% 

NaOH.  The  NaOH  solution  was  then  saturated  with  CO2  and  the  precipitate 
was  collected  by  filtration  to  give  26  g of  crude  product,  mp  280-283° 

(937.  yield).  It  was  recrystallized  from  EtOH  to  yield  white  crystals, 
mp  287-290°  (lit.li/  mp  281-282°). 

Anal.  Calcd.  for  C9H6BrN0:  C,  48.24;  H,  2.70;  N,  6.25.  Found: 

C,  48.39;  H,  2.70;  N,  6.01. 


3-Bromo-4-chloroguinoline  (B-19) 


Twenty-six  grams  of  B-18  was  addi-d  slowly  to  150  ml  of  POCI3. 

The  mixture  was  heated  under  reflux  for  3 hr.  Excess  POCl^  was  removed 
by  distillation,  the  residue  was  poured  over  800  g of  crushed  ice  and  made 
basic  with  NaOH  solution.  Hie  precipitated  product  was  collected  by  fil- 
tration and  washed  with  water.  There  was  obtained  26.6  g (957.  yield)  of 
B-19,  m.p.  64-65°  which,  on  recrystallization  from  MeOH,  gave  white  needles, 
m.p.  68-70°  (lit.^  m.p.  67-68°). 


Anal.  Calcd.  for  C9H5BrClN:  C,  44.57;  H,  2.08;  N,  5.78. 

Found:  C,  44.92;  H,  1.71;  N,  5.53. 


3-Bromo-4-methoxyquinoline  (B-20) 

To  a freshly  prepared  NaOMe  solution  in  100  ml  of  MeOH  (from  3 g 
of  Na)  was  added  12  g of  B-19.  The  mixture  was  heated  under  reflux,  with 
stirring,  for  2 hr.  It  was  then  poured  into  500  ml  of  H2O  and  the  solvent 
was  evaporated  under  a stream  of  air.  The  solid  product,  m.p.  87-88°,  was 
collected  by  filtration,  to  give  9.5  g (80%  yield)  of  B-20.  It  was  re- 
crystallized from  MeOH  as  white  needles,  m.p.  89-91°. 

Anal.  Calcd.  for  CjgHgBrNO:  C,  50.45;  H,  3.39;  N,  5.88.  Found: 

C,  50.77;  H,  3.55;  N,  5.67. 


4-Methoxy-3-quinolinecarboxaldehyde  (B-21) 


To  a cooled  solution  of  1.65  g (7  moles)  of  B-20  in  70  ml  of 
Et20  was  added,  under  N2»  one  equivalent  of  a 2.4  M BuLi  solution  in  hexane, 
at  -70°.  The  mixture  was  stirred  at  that  temperature  for  1 hr  followed  by 
addition  of  1 ml  of  DMF  in  10  ml  of  Et20  (5  min).  Stirring  was  continued 
for  1.5  hr  while  the  temperature  of  the  reaction  mixture  was  allowed  to 
reach  -10°.  Water  was  added  and  the  ether  layer  separated.  It  was  washed 
(HyO) , dried  (NaySO^)  and  evaporated  to  give  0.9  g of  a yellow  solid, 
m.p.  109-110°  (68%  yield).  It  was  recrystallized  from  chloroform-cyclohexane 
as  pale  yellow  needles  (somewhat  sensitive  to  air),  m.p.  110-112°.  The  product 
showed  the  expected  carbonyl  absorption  at  5.95  U in  ir. 
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Reaction  of  3-Lithio-4-methoxyquinoline  with  Dimethylformamide — Formation 
of  4-Dimethylamino-3-guinolinecarboxaldehyde  (B-25) 

To  a solution  of  11.9  g (0.05  mole)  of  3-bromo-4-methoxyquinoline 
(B-20)  in  150  ml  of  ether  cooled  to  -70°,  was  added  0.05  mole  of  butyllithium 
in  hexane  over  a period  of  30  min.  The  reaction  temperature  was  maintained 
at  below  -65°  during  the  addition  of  butyllithium.  After  the  reaction  mix- 
ture had  been  stirred  for  one  more  hour  at  -75°,  14  g of  dimethylformamide 
was  introduced.  The  temperature  of  the  mixture  was  allowed  to  rise  to  -10° 
in  1.5  hr.  Water  (30  ml)  was  added  and  stirring  was  continued  for  30  min. 

The  ether  layer  was  separated  and  washed  with  water.  Yellow  crystals  soon 
started  to  separate  from  both  the  ether  and  water  solutions.  On  filtration, 
there  was  obtained  5.1  g of  yellow  crystals,  m.p.  127-129°.  It  was  crystal- 
lized from  methanol  as  yellow  needle  without  further  change  of  the  melting 
point.  This  product  was  identified  by  NMR  as  4-dimethylamino-3-quinoline- 
carboxaldehyde  (B-25) . A similar  result  was  obtained  when  the  reaction 
of  the  lithio  derivative  with  dimethylformamide  was  quenched  after  10  min. 

Anal.  Calcd.  for  C12H12N2O:  C,  71.97;  H,  6.04;  K,  13.99.  Found: 

C,  72.05;  H,  5.99,  N,  14.22. 

Diethyl  (m-Chloroanilino)methylenemalonate  (B-67). 

To  255  g (2  molles)  of  m-chloroaniline  (B-65)  in  an  evaporating 
dish  was  added,  in  one  portion,  455  g (2.1  moles)  of  diethyl  ethoxymethyl- 
enemalonate  (B-66) . In  contrast  to  the  preparation  of  the  unchlorinated 
analog,  the  temperature  of  the  reaction  mixture  only  rose  to  56°  after  addi- 
tion. The  mixture  was  heated  with  stirring  at  100-110°  for  3 hr  and  cooled. 
The  product,  which  solidified  after  standing  overnight,  was  collected  by 
filtration  to  give  555  g (947,  yield)  of  B-67  as  an  off-white  solid,  mp  56- 
58°.  Recrystallization  from  Skelly  solve  F (bp  35-60°)  followed  by  re- 
crystallization from  EtOH  yielded  analytically  pure  B-67  as  long,  white 
needles,  mp  59-60“  (lit.  25/  mp  55-56°). 

Anal.  Calcd.  for  Ci4Hi6ClN04:  C,  56.48;  H,  5.42;  N,  4.70. 

Found:  C,  56.29;  H,  5.39;  N,  4.64. 


Ethyl  7-Chloro-4-hydroxy-3-quinolinecarboxylate  (B-68) 

To  150  ml  of  Dowtherm  heated  at  220°  was  added  120  g of  B-67. 

The  mixture  was  heated  at  240-250°  for  30  min  whereupon  the  product  grad- 
ually separated  from  the  hot  reaction  mixture.  The  mixture  was  coded,  di- 
luted with  50  ml  of  EtOH,  and  filtered  to  give  103  g (quantitative  yield) 
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of  solid,  mp  > 300°.  Recrystallization  from  DMF  yielded  analytically  pure 
B-68  as  a white  powder,  mp  > 300°  (lit.?A/  mp  295-297°).  The  product  was 
dried  at  110°  in  vacuo  for  6 hr  before  analysis. 

Anal.  Calcd.  for  Cl2H10ClNO3-in2O:  C,  55.29;  H,  4.25;  N,  5.37. 

Found:  C,  55.20;  H,  4.49;  N,  5.18. 


Ethyl  2-Anilinomethylenepropionate 

The  preparation  of  this  compound  from  aniline  and  ethyl  2-formyl- 
propionate  was  described  in  Annual  Progress  Report  No.  10.  The  crude 
product  was  recrystallized  from  methanol  as  white  crystals,  m.p.  95-97°. 

Anal.  Calcd.  for  C12H15N02:  C’  70-22i  H’  7-37;  N,  6-83. 

Found:  C,  70.10;  H,  7.53;  N,  7.03. 


Ethyl  2- (3-Chlorophenylaminomethylene) propionate  (B-69) 

This  compound  was  prepared  analogous  to  the  above  method  from 
m-chloroaniline  and  ethyl  2-formylpropionate.  The  crude  product  was  re- 
crystallized from  methanol  as  white  crystals,  m.p.  106-107°. 

Anal.  Calcd.  for  Ci2H14C1N02:  C,  60.13;  H,  5.89;  N,  5.85. 

Found:  C,  59.81;  H,  6.15;  N,  5.90. 


5-  and  7-Chloro-4-hydroxy-3-methylquinoline  (B-70  and  B-71) 

Fifty-five  grams  of  B-69  was  added  into  200  ml  of  Dowtherm  A 
at  250-260°  and  the  mixture  was  boiled  for  15  min.  On  cooling,  the  product 
readily  crystallized  and  was  isolated  by  filtration.  The  crude  product 
(22.5  g,  50%  yield)  thus  obtained  was  extracted  in  a Soxhlet  apparatus 
with  acetone  for  10  hr.  The  acetone  extract  was  cooled  and  filtered  to 
afford  7 g of  a solid  product  which  was  later  shown  to  be  5-chloro-4- 
hydroxy-3-methylquinoline  (B-70) . A small  sample  recrystallized  from 
methanol  as  white  crystals,  m.p.  249-251°  (lit.28/  m.p.  > 250°). 

Anal.  Calcd.  for 


C,  61.85;  H,  4.08;  N,  6.87. 


C1N0:  C,  62.03;  H,  4.16;  N,  7.24. 


Found : 


The  solid  residue  left  in  the  thimble  (13.8  g)  was  shown  to  be 
mainly  mainly  7-chloro-4-hydroxy-3-methy lquinoline  (B-71)  on  its  subsequent 
conversion  to  4 , 7-dichloro-3-methy lquinoline . It  is  only  slightly  soluble 
in  methanol  from  which  it  was  recrystallized  as  white  crystals,  m.p.  > 320° 
(lit  2£/m.p.  > 300°). 

Anal.  Calcd.  for  CxoHgCINO:  C,  62.03;  H,  4.16;  N,  7.24. 

Found:  C,  62.00;  H,  4.48;  N,  6.95. 


4 , 7-Dichloro-3-methy lquinoline  (B-73) 

7-Chloro-4-hydroxy-3-methylquinoline  (B-71),  35  g,  was  heated  with 
120  ml  of  phosphorus  oxychloride  on  a steam  bath  for  1 hr.  Excess  phosphorus 
oxychloride  was  removed  by  distillation  under  reduced  pressure.  The 
residue  was  poured  onto  crushed  ice  and  made  basic  with  sodium  hydroxide. 

The  precipitate  was  filtered,  washed  (H2O)  and  dried.  It  was  recrystallized 
from  acetone  to  afford  24.5  g of  4,7-dichloro-3-methylquinoline  as  white 
needles,  m.p.  82-83°.  On  further  recrystallization  a pure  sample,  m.p. 

85-86°  was  obtained  (lit.-^m.p.  87.5-88°). 

Anal.  Calcd.  for  C10H7CI2N:  q,  56.63;  H,  3.33;  N,  6.61.  Found: 

C,  56.99;  H,  3.62;  N,  6.51. 


4 ,5-Dichloro-3-me thy lquinoline  (B-72) 

This  compound  was  prepared  in  a similar  manner  from  5-chloro-4- 
hydroxy-3-methy lquinoline  by  the  action  of  phosphorus  oxychloride.  However, 
the  yield  of  the  purified  product  was  much  lower.  From  13  g of  the  hydroxy- 
quinoline  B-70  there  was  obtained  only  4.5  g of  the  desired  product  as  white 
needles,  m.p.  71-72°  (lit.^m.p.  72-72.5°). 

Anal.  Calcd.  for  C10H7Cl2N:  C,  56.63;  H,  3.33;  N,  6.61. 

Found:  C,  56.52;  H,  3.41;  N,  6.58. 


7-Chloro-4-methoxy-3-methy lquinoline  (B-74) 

To  a freshly  prepared  sodium  methoxide  solution  in  methanol  (from 
7.2  g of  sodium  and  150  ml  of  methanol)  was  added  21.2  g (0.1  mole)  of 
4, 7-dichloro-3-methy lquinoline  (B-73).  The  reaction  mixture  was  heated  under 
reflux  with  stirring  for  10  hr.  Upon  dilution  with  water  (600  ml),  an  oily 
product  separated,  which  slowly  solidified.  It  was  collected  by  filtration 
to  give  17.5  g of  7-chloro-4-methoxy-3-methy lquinoline  (84%  yield).  On 
recrystallization  from  Skelly  F,  pure  compound  B-74  was  isolated  as  white 
needles,  m.p.  53-54°. 

Anal.  Calcd.  for  CnH10ClNO:  C,  63.62;  H,  4.85;  N,  6.75. 

Found:  C,  63.75;  H,  5.11;  N,  6.71. 
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TV.  COMPOUNDS  SUBMITTED  FOR  BIOLOGICAL  STUDIES 


MO-522  (BG-04029;  WB-11-88B): 

5,6-Dimethoxybenzimi dazole 


MO-523  (BG- 04038;  Y-II-92-2): 

2-Iodo-3-methoxypyridine 


MO-524  (BG-04047;  Y-I-21-1): 

2- (Phthalimido)bromoethane 


MO-525  (BG-09202;  PC-VII-74); 

3-Bromo -4-hydroxy quinoline 


OH 


MO-526  (BG-09211;  CC-II-31): 

Diethyl  (m-chloroani lino)methylenemalonate 


II5C2O2C 


C02C2H5 


2.0  g 


3.0  g 


3.5  g 


2.0  g 


5.0  g 
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MO-527  (BG- 10750;  CC-II-33): 


Ethyl  7-chloro-4~hydroxy-3-quinolinecarboxylate 


2.0  g 


MO-528  (BG-10769;  PC-V1I-76): 

3-Bromo-4-methoxyquinoline 


MO-529  (BG-11640;  PC-VI1-75): 


3-Bromo-4-chloroquinoline 


Cl 


2.0  g 


2.0  g 


MO-530  (BG-11659;  PC-VII-63): 

3-Dimethylaralnocarbonyl-4-methoxyquinoline 
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MO-533  (BC-44201:  PC-VIII-9): 

4-Dimethylamino-3-quinolinecarboxaldehyde 

N(CH3)2 


MO-534  (BG-44210;  PC-VIII-12): 
4-Chloro-3-quinolinemethanol 


Cl 


2 g 


2 g 


MO-535  (BG-46885:  Y-3-84)  : 


6-Methoxy -4 -methy 1-8- (1-propyl -4-aminobutylamino) - 
quinoline  Diphosphate  Dihydrate 


ch3-ch2-ch2-ch-ch2-ch2-ch2-nh2 


2.2  g 


MO-531 (BG-21904;  WB-12-18c): 

l-.(5_Diethylamino-2-pentyl )-5,6-dimeihoxybenzimidazole 


CH3°'V^NV^\ 

CH  O^J^n/ 

CH  -CH-CCH,, )_-N(C„H 


2 3 2 5 2 


4g 
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MO-532(BG-39Q59:  WB-12-24): 


1- (5-Die thy laraino-2-pentyl)-5-methoxybenz imidazole 


2g 


CH. 


(ch2)3-n(c2h5)2 


MO-536  (BG- 60705;  PC-VIII-35) : 

4, 7-Dichloro-3-methylquinoline 


MO-537  (BG-60714;  PC-VIII-34) : 

7-Chloro-4-hydroxy-3-methylquinoline 


OH 
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V.  ANTIMALARIAL  TEST  RESULTS 


Among  20  compounds  submitted  for  antimalarlal  activity  evaluation, 
8- (6-amino-4-heptylamino) -6-methoxy-4-methylquinoline  diphosphate  ^6-methoxy- 
4-methyl-8- ( l-propyl-4-aminobuty lamino) quinoline  diphosphate , WR-22657 3, 
MO-535]  displayed  antimalarlal  activity  against  Plasmodium  berghei. 


Primaquine 


R - C2H5  : WR-215761 
R - (CH2)2-CH3  : WR-226573 


The  activity  of  WR-226573  is  comparable  to  that  of  primaquine 
but  is  much  less  toxic.  A comparison  of  the  activity  of  WR-226573  with 
that  of  primaquineljL?/  as  well  as  that  of  the  ethyl  homolog  (WR-215761), 
synthesized  in  our  laboratory,  is  listed  as  follows. 


5 10  20 

40 

55/ 

Pr  imaquine — 

+2.2 

+4.2 

Pr  imaquine^i/ 

— — +4.0 

+5.0 

WR-215761 

+2.1  +4.1  +7.3 

+7.9 

WR-226573 

— +3.1 

+4.1 

Dosage  (mg /kg) 


80 

160 

320 

640 

+6.4 

+7.0 

(2  toxic) 

5 toxic 

5 toxic 

+9.4 

+10.8 
(2  toxic) 

5 toxic 

5 toxic 

+9.7 

+11.5 

5 cures 

5 cures 

+5.7 

+6.3 

+9.1 

+12.3 

While  the  activity  of  WR-226573  is  not  as  outstanding  as  that  of 
WR-215761,  it  furnishes  some  very  useful  information  for  future  structural 
modification  work.  The  trif luoromethyl  and  the  isopropyl  analogs  proposed 
in  our  research  proposal  8-1720,  therefore,  will  be  synthesized  and  studied. 
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WR-215761  was  also  found  to  exhibit  outstanding  prophylactic 
antimalarial  activity  in  Dr.  Schmidt's  SR  monkey  tests. 
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